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Abstract
Hematological abnormalities at admission are common after traumatic brain injuries and are associated with poor outcomes. The
objective of this study was to identify the predictive factors of mortality among patients who underwent emergency surgery for the
evacuation of epidural hematoma (EDH) or subdural hematoma (SDH).
This was a single-center retrospective cohort study of 200 patients who underwent emergency surgical evacuation of EDH or SDH
between September 2010 and December 2018. Data on hematological parameters and clinical and intraoperative features were
collected. The primary end-point was 1-year mortality after surgery. Univariate and multivariate analysis were performed, and the
receiver operating characteristic (ROC) curves were assessed.
Of the 200 patients included in this study, 102 (51%) patients died within 1 year of emergency surgery. Lymphocyte count at
admission, creatinine levels, activated partial thromboplastin time (aPTT), age, intraoperative epinephrine use, and Glasgow Coma
Scale (GCS) score were significantly associated with mortality in themultivariate analysis. The areas under the ROC curve for the GCS
score, aPTT, and lymphocyte counts were 0.677 (95% confidence interval [CI] 0.602–0.753), 0.644 (95% CI 0.567–0.721), and
0.576 (95% CI 0.496–0.656), respectively.
Patients with elevated lymphocyte counts on admission showed a higher rate of 1-year mortality following emergency craniectomy
for EDH or SDH. In addition, prolonged aPTT and a lower GCS score were also related to poor survival.
Abbreviations: ASA = American Society of Anesthesiologists, AUC = area under the ROC curve, CCI = Charlson Comorbidity
Index, CI = confidence interval, Cr = creatinine, EDH = epidural hematoma, GCS =Glasgow Coma Scale, HR = hazard ratios, ICH =
intracerebral hemorrhage, INR = International normalized ratio, MPV =mean platelet volume, NLR = neutrophil-to-lymphocyte ratio,
OR = operating room, PLR = platelet-to-lymphocyte ratio, pRBC = packed red blood cell, ROC = receiver operating characteristic,
SAH = subarachnoid hemorrhage, SD = standard deviation, TBI = traumatic brain injury, WBC = white blood cell.
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Mortality prediction on admission is valuable for effective
perioperative management of patients with traumatic brain
injury (TBI) undergoing surgery. Various factors at
admission have been explored and identified as prognosticEditor: Wen-Wei Sung.
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markers of TBI, such as Glasgow Coma Scale (GCS) score,
absence of pupillary reactivity, international normalized ratio
(INR), activated partial thromboplastin time (aPTT), platelet
count, age, and neutrophil-to-lymphocyte ratio (NLR).[1–3]
However, previous studies on this topic included manyfrom the corresponding author on reasonable request.
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Kim et al. Medicine (2020) 99:37 Medicinedifferent types of head injuries, and not all patients underwent
surgery.
It is common for TBI patients to enter the operating room (OR)
with only simple laboratory test results and without a thorough
medical history evaluation or further advanced evaluation for
emergency operation. It would be useful to find simple, quick,
and accurate prognostic biomarkers that can be evaluated with
hematological laboratory tests, which can predict the course of
postoperative outcomes and guide treatment.
Posttraumatic neuroinflammation is a secondary injury after
trauma that causes neurodegeneration and neurological im-
pairment.[4–8] The associations between poor prognoses in
various types of cancer and inflammatory mediators have been
well documented[9–11]; additionally, acute TBIs and inflamma-
tion are known to be associated.[12–14] Recent studies have
suggested that increased levels of inflammatory markers are the
predictors of worse outcomes in acute neurosurgical emergencies,
such as TBI, intracerebral hemorrhage (ICH), and subarachnoid
hemorrhage (SAH).[3,15,16] Additionally, INR, aPTT, and
fibrinogen were found to be prognostic parameters in severe
TBI.[17] However, it is unclear which biomarkers are the best
prognostic parameters for different severities and types of TBI.
This study aimed to evaluate traumatic epidural hematoma
(EDH) or subdural hematoma (SDH) patients who presented to
the OR for emergency evacuation of hematoma within 24hours
of injury to investigate hematological parameters on admission,
including the coagulation profile and inflammatory biomarkers,
to determine the prognostic factors associated with mortality 1
year after surgery.2. Materials and methods
2.1. Patients
This retrospective study included the electronic medical records
of patients who underwent emergency evacuation for EDH or
SDH at this institutional hospital. This study was approved by
the Institutional Review Board and Hospital Research Ethics
Committee (CHA Bundang Medical Center, Seongnam, Korea;Figure 1. Flow diag
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IRB protocol No. 2019-02-037); the need for informed consent
was waived due to the retrospective nature of this study. The data
of 215 patients who underwent emergency surgery for EDH or
SDH from September 2010 to December 2017 were assessed.
Patients were included if they were admitted within 8hours and
underwent surgery within 24hours of injury. Of the 215 patients
identified initially, 15 were excluded for the following reasons:
underwent reoperation (n=7), under 18 years of age (n=3),
underwent burr hole surgery rather than craniectomy (n=2), did
not undergo surgery within 24hours (n=2), and only received
conservative care (n=1) (Fig. 1). Out of the remaining 200
patients, 165 patients with SDH and 35 patients with EDH were
included in this study.
2.2. Data collection
All data from the electronic medical records were collected
retrospectively. The following demographic and perioperative
variables were evaluated: age, sex, height, weight, American
Society of Anesthesiologists (ASA) physical status, GCS score,
and the presence of underlying diseases such as hypertension,
diabetes, cerebrovascular disease, and coronary and valvular
heart disease. Also Charlson Comorbidity Index (CCI) score was
calculated. Preoperative laboratory data included thewhite blood
cell (WBC), platelet, neutrophil, and lymphocyte counts;
hemoglobin, hematocrit, C-reactive protein, and creatinine
(Cr) levels; red cell distribution width; mean platelet volume
(MPV); aPTT; prothrombin time; and INR. Operative data
included the operation and anesthesia times, intraoperative fluid
inputs and outputs, transfusion amounts, and use of epinephrine.
The preoperative NLR and platelet-to-lymphocyte ratio (PLR)
were calculated. Finally, data on mortality 1 year following
surgery were also collected.2.3. Statistical analysis
Continuous variables were represented as means± standard
deviations (SDs) and were analyzed using the independent two
sample t-test. Categorical variables were represented as theram of patients.
Table 1





Age, yr 53.0±14.3 60.4±16.6 < .001
∗
Sex .987
Male 76 (77.6) 79 (77.5)
Female 22 (22.5) 23 (22.6)
Height, cm 168.6±7.0 166.4±8.4 .048
∗
Weight, kg 66.9±10.9 64.9±11.3 .205
ASA .153
1 2 (2.0) 0 (0)
2 12 (12.2) 6 (5.9)
3 45 (45.9) 42 (41.2)
4 23 (23.5) 29 (28.4)
5 16 (16.3) 25 (24.5)
GCS score 9.2±4.0 6.7±3.4 < .001
∗
WBC,103/mL 12.1±6.1 15.2±15.5 .064
Hct, % 40.2±4.8 38.6±6.0 .035
∗
Plt,103/mL 203.8±66.0 201.0±80.0 .789
Kim et al. Medicine (2020) 99:37 www.md-journal.comnumber (percentage) of patients and were analyzed using the chi-
squared or Fisher exact tests.
For identifying the independent risk factors for 1-year
mortality, univariate analysis was performed. The variables
significantly associated with 1-year mortality (P value< .05) in
the univariate analysis were then entered into the multivariate
Cox regression analysis to identify the factors associated with 1-
year mortality after adjustment for confounders. The results were
represented as hazard ratios (HRs) and 95% confidence intervals
(CIs). Receiver operating characteristic (ROC) curve analysis was
also performed to evaluate the predictability of factors on
admission. Results were represented as the area under the ROC
curve (AUC) with 95% CIs. The Contal and O’Quigley method
was used to predict the optimal cut-off values by maximizing the
HRs. The Kaplan-Meier method was used to ascertain the
survival curves 1 year after admission, and significance was
determined using the log-rank test. SAS version 9.4 (SAS Institute
INC., Cary, NC) was used for all statistical analyses. A P
value< .05 was considered statistically significant.Neutrophil count,103/mL 8.4±5.8 9.5±8.6 .272
Lymphocyte count,103/mL 2.8±2.0 3.5±2.4 .029∗
MPV, fL 8.5±1.2 8.3±1.1 .126
CRP, mg/dL 1.0±2.2 1.0±2.3 .900
Cr, mg/dL 0.9±0.3 1.3±1.5 .014
∗
aPTT, s 29.0±4.6 33.0±9.9 < .001
∗
PT, % 95.9±21.5 91.3±18.5 .105
INR 1.1±0.4 1.1±0.3 .922
PLR 108.8±89.7 113.3±186.3 .828
NLR 5.6±6.9 6.6±12.8 .488
Anesthesia time, min 260.2±87.9 240.9±113.2 .179
Surgery time, min 201.5±87.0 184.6±111.0 .229
Co-morbidities
Hypertension 28 (28.9) 35 (35.7) .307
Diabetes mellitus 20 (20.6) 31 (31.6) .080
CVA 9 (9.3) 12 (12.2) .504
Coronary disease 9 (9.4) 7 (7.1) .572
CCI score .4 (.8) .6 (1.1) .073
Intraoperative input and output
Crystalloid, mL 5258.7±3462.8 6330.9±4870.4 .074
Colloid, mL 201.0±363.1 290.7±488.7 .142
Blood loss, mL 2230.4±2001.0 3561.3±4145.5 .004
∗
Urine output, mL 1399.1±1210.9 956.5±765.1 .003
∗
pRBC, n 4.6±5.4 7.5±6.3 < .001
∗
FFP, n 2.7±4.1 3.5±3.1 .134
Intraoperative Epi 8 (8.2) 30 (29.4) < .001
∗
Reoperation within 24 hr 6 (6.1) 6 (5.9) .943
Values are demonstrated as mean± standard deviation or as number (%) of patients.
aPTT= activated partial thromboplastin time, ASA=American Society of Anesthesiologists, CCI=
Charlson Comorbidity Index, Cr= creatinine, CRP=C-reactive protein, CVA=cerebrovascular
accident, Epi= epinephrine, FFP= fresh frozen plasma, GCS=Glasgow Coma Scale, Hct=
hematocrit, INR= international normalized ratio, MPV=mean platelet volume, NLR=neutrophil-to-
lymphocyte ratio, PLR=platelet-to-lymphocyte ratio, Plt=platelet, pRBC=packed red blood cell,3. Results
Table 1 presents the demographic and preoperative character-
istics of the 200 patients who underwent emergency hematoma
evacuation for EDH or SDH. Of the 200 patients, 102 (51%)
died within 1 year of emergency surgery. Age, lymphocyte count,
Cr level, aPTT, amount of intraoperatively administered packed
red blood cells (pRBC), and number of patients receiving
intraoperative epinephrine were significantly higher in the non-
survival group than in the survival group. The mean lymphocyte
count was 2.8±2.0 in the survival group and 3.5±2.4 in the non-
survival group (P= .029). The mean Cr level was 0.9±0.3 in the
survival group and 1.3±1.5 in the non-survival group (P= .014).
In the survival and non-survival groups, the means of aPTT were
29.0±4.6 and 33.0±9.9, respectively (P< .001). Additionally,
GCS scores and hematocrit levels were significantly lower in the
non-survival group than in the survival group (P< .001 and
P= .035, respectively). However, statistical differences were not
found in the sizes of SDH or EDH hematoma (SDH [mm], 15.1±
8.7 vs 16.6±8.8; EDH [mL], 83.7±79.3 vs 107.3±93.6), and
other variables between the two groups.
The prognostic factors influencing 1-year mortality after
emergency craniectomy are demonstrated in Table 2. On
multivariate analysis, age (HR=1.030, 95% CI=1.015–1.046,
P< .001), GCS score (HR=0.884, 95% CI=0.817–0.956,
P= .002), Cr level (HR=1.214, 95% CI=1.039–1.418, P
= .015), aPTT (HR=1.045, 95% CI=1.026–1.064, P< .001),
the number of patients receiving intraoperative epinephrine
(HR=2.305, 95% CI=1.396–3.806, P= .001), and lymphocyte
count (HR=1.085, 95% CI=1.006–1.169, P= .034) were
retained as significant predictors of 1-year mortality (Table 2).
Figure 2 demonstrates the ROC curves for GCS score, aPTT,
and lymphocyte count based on multivariate logistic regression.
The AUCs for GCS scores, aPTT, and lymphocyte counts were
0.677 (95%CI 0.602–0.753), 0.644 (95%CI 0.567–0.721), and
0.576 (95% CI 0.496–0.656), respectively.
Figure 3 represents the Kaplan-Meier curves for GCS scores,
aPTT, and lymphocyte counts according to cut-off values
determined using the Contal and O’Quigley method, which is
based on the log-rank test. We found that 1-year mortality after
emergency craniectomy showed correlations with low GCS
scores, elevated lymphocyte counts, and high aPTT.3
4. Discussion
In this study, we investigated the prognostic value of hematolog-
ical parameters on admission for predicting the 1-year mortality
of patients who underwent emergency hematoma evacuation for
EDH or SDH. We found that hematologic parameters, including
aPTT, lymphocyte counts, and Cr levels, were higher among
those who did not survive 1 year after surgery. Additionally,
those who did not survive 1 year after surgery were older, had
lower GCS scores on admission, and required intraoperative
epinephrine use more frequently.




Univariate and multivariate analyses of prognostic factors for 1-year mortality after emergency craniectomy.
Univariate Analysis Multivariate Analysis
Variables HR (95% CI) P value HR (95% CI) P value




Sex 0.932 (0.581–1.495) .769
Height, cm 0.981 (0.957–1.006) .128
Weight, kg 0.992 (0.975–1.010) .372




WBC,103/mL 1.010 (0.999–1.021) .062
Hct, % 0.964 (0.931–0.997) .035
∗
1.006 (0.862–1.052) .798
Plt,103/mL 0.999 (0.996–1.002) .427
MPV, fL 0.899 (0.759–1.065) .220
Neutrophil count,103/mL 1.009 (0.987–1.030) .426
Lymphocyte count,103/mL 1.117 (1.037–1.204) .004∗ 1.085 (1.006–1.169) .034∗
CRP, mg/dL 0.995 (0.896–1.106) .927




aPTT, s 1.042 (1.026–1.058) < .001
∗
1.045 (1.026–1.064) < .001
∗
PT, % 0.992 (0.984–1.001) .074
INR 1.017 (0.613–1.690) .947
CCI score .074
1 0.943 (0.551–1.613) .830
2 0.114 (0.007–1.908) .131
3+ 1.174 (0.482–2.860) .724
Urine output, mL 1.000 (0.999–1.000) .005
∗
pRBC, n 1.061 (1.033–1.089) < .001
∗
1.032 (0.993–1.071) .109
FFP, n 1.036 (0.994–1.079) .093




Reoperation 0.919 (0.402–2.096) .840
PLR 1.000 (0.998–1.001) .710
NLR 1.002 (0.985–1.020) .814
Values are demonstrated as the hazard ratios (95% confidence intervals).
aPTT= activated partial thromboplastin time, CCI=Charlson Comorbidity Index, CI= confidence interval, Cr= creatinine, CRP=C-reactive protein, Epi= epinephrine, FFP= fresh frozen plasma, GCS=Glasgow
Coma Scale, Hct=hematocrit, HR=hazard ratio, INR= international normalized ratio, MPV=mean platelet volume, NLR=neutrophil-to-lymphocyte ratio, PLR=platelet-to-lymphocyte ratio, Plt=platelet,
pRBC=packed red blood cell, PT=prothrombin time, WBC=white blood cell.
∗
P< .05.
Figure 2. ROC curves of preoperative GCS scores, aPTT, and lymphocyte
counts based on the multivariate logistic regression. ROC= receiver operating
characteristics, GCS=Glasgow Coma Scale, aPTT=activated partial throm-
boplastin time.
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Inflammation is an important injury mechanism that affects
neurodegeneration and induces neurological impairments, lead-
ing to poor outcomes in TBI patients.[18] Mechanical injury and
brain tissue damage activate the peripheral immune system, and
secondary brain injuries are caused by acute inflammatory
responses in patients with TBI and ICH.[19,20] Such excessive
immune responses are responsible for increased severity of brain
tissue injuries and poor outcomes.[19,20] This suggests that the
peripheral blood immune responses can be used as prognostic
factors for acute brain injuries. NLR, PLR, and MPV are known
to be associated with inflammation,[9,11,21] and NLR has been
investigated as a prognostic factor for TBI and other neurosurgi-
cal emergencies.[3,16,22] Therefore, we investigated the associa-
tion between hematologic parameters, including inflammatory
indices, and mortality among EDH or SDH patients undergoing
emergency surgery. NLR, PLR, and MPV values at admission
were calculated and compared; however, there was no difference
between survivors and non-survivors. Additionally, the NLR did
not increase considerably and was lower than that reported in
other studies that found a correlation between increased NLR at
admission and unfavorable outcomes.[3,23] Prognostic factors
and their values may vary depending on the type of injury since
TBI involves a diverse group of brain injuries that differ in cause,
severity, and pathogenesis. For example, NLR at admission was
not associated with 3-month mortality in patients with acute
ICH, even though it was associated with more serious stroke.[24]
Furthermore, the NLR in ICH patients with an unfavorable
Figure 3. Kaplan-Meier curves for GCS scores, aPTT, and lymphocyte counts based on the optimal cut-off values. GCS=Glasgow Coma Scale, aPTT=activated
partial thromboplastin time, Lym Count= lymphocyte count.
Kim et al. Medicine (2020) 99:37 www.md-journal.comoutcome[16,22] was much lower than that reported in TBI
studies.[3,23] NLR was not found to have predictive capacity for
mortality in this study presumably because we only included
EDH or SDH patients.
Changes in lymphocyte counts during the course of ICH have
been reported. Admission lymphocytopenia[25,26] as well as the
development of lymphocytopenia during treatmentwere related to
an unfavorable outcome.[25] Lymphocyte dynamics during the
course of TBI have been studied previously. In a pilot study,
Petrone et al[27] investigated the lymphocyte and neutrophil
dynamics followingTBI based on severity and different time points
after injury. They found that severe TBI patients had higher
lymphocyte and lower neutrophil percentages than mild TBI
patients from 0 to 6hours and up to 24hours post-TBI. This
relationship reversed 48hours after TBI. In our study, non-
survivors had higher lymphocyte counts on admission than
survivors. Additionally, non-survivors had lower GCS scores.
These high lymphocyte counts and low GCS scores indicate that
trauma was more severe in non-survivors. After surgery, patients
with poor outcomes might develop lymphocytopenia due to the
course of the disease itself. Nevertheless, elevated admission
lymphocyte counts (≥ 4.65103/mL [Fig. 3]) are useful for the
prognosis of mortality because they can differentiate patients
according to the severity of trauma and outcomes upon admission.
Factors such as age, GCS scores, and aPTT were also found to
have prognostic value in patients with EDH or SDH. These results
were consistent with those from other studies.[2,28] The GCS score
is one of the most commonly used predictors of outcomes[29];
additionally, increasing age is known to be associated with higher
mortality after TBI.[30,31] Coagulopathy is common in patients
with severe TBI, and the incidence of coagulopathy increases with
TBI severity.[32,33] Studies have found that abnormal values for
coagulation parameters such as INR, aPTT, and fibrinogen were
associated with unfavorable outcomes after TBI.[17,28] Mortality
prediction on admission is important for effective intra- and post-
operative patient management. Data on the significant prognostic
factors identified in this study can be readily obtained upon
admission to stratify patients according to risk profile and to assist
in patient management.
This study had certain limitations that should be acknowl-
edged. This was a single-center, retrospective study that derived
data solely from electronic medical records; thus, it is susceptible
to bias and other confounding factors. In addition, the follow-up5
period after surgery was very short. However, this study is
valuable in that it focuses on admission laboratory data for
predicting the prognosis of traumatic EDH or SDH patients, and
this could assist in making clinical decisions during the
perioperative period.
In conclusion, patients with elevated lymphocyte counts on
admission showed a higher rate of 1-year mortality following
emergency craniectomy for EDH or SDH. Additionally,
prolonged aPTT and low GCS scores were also related to poor
survival. These results may be useful for predicting the prognosis
and for determining the direction of perioperative management in
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